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(57) In orderto securely prevent knocks from occur- 
ring upon starting and the like while enhancing the com- 
pression ratio in a spark ignition type in-cylinder injec- 
tion internal combustion engine which comprises a fuel 
injection valve (21) for directly injecting fuel into a com- 
bustion chamber (1 8), and injects fuel during a compres- 
sion stroke in a specific operation region under an inter- 
mediate to high load so as to perform stratified combus- 
tion, further provided is control means (16) for driving 
and controlling the fuel injection valve (21) such that, in 
the stratified combustion, prior to the fuel injection dur- 
ing the compression stroke, fuel is injected from the fuel 
injection valve (21) during an intake stroke by such an 
amount that fuel fails to self-ignite. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a spark ignition type 
in-cylinder injection internal combustion engine which 
can inject fuel during its compression stroke so as to 
perform stratified combustion and, in particular, to a 
spark ignition type in-cylinder injection internal combus- 
tion engine which is suitably used as an automobile en- 
gine. 

Description of Background Art 

[0002] Recently in practical use is a spark ignition type 
in-cylinder injection internal combustion engine which 
performs spark ignition by use of a spark plug and di- 
rectly injects fuel into a cylinder. Such a spark ignition 
type in-cylinder injection internal combustion engine can 
improve both its fuel consumption performance and out- 
put performance by utilizing its characteristic features 
that its injection timing can freely be set and that the 
state of formation of air/fuel mixture can freely be con- 
trolled. 

[0003] Namely, by injecting fuel at a compression 
stroke, the spark ignition type in-cylinder injection inter- 
nal combustion engine can perform, due to stratified 
combustion, an operation (ultra-lean burn operation) in 
a state where fuel is quite lean (i.e., where the air/fuel 
ratio is much higher than a stoichiometric air/fuel ratio), 
and is equipped with an ultra-lean operation mode (com- 
pressed lean operation mode) as its combustion mode, 
thus allowing fuel consumption ratio to greatly improve. 
[0004] On the other hand, it can perform a pre-mixture 
burn operation mainly by injecting fuel during an intake 
stroke, of course. In this case, by directly injecting fuel 
into a combustion chamber (within a cylinder), most of 
injected fuel can securely be burned within its combus- 
tion cycle, thus contributing to improving output as well. 
[0005] It is also possible in such a pre-mixture burn 
operation to set, as combustion modes, a lean operation 
mode (intake lean operation mode) for performing an 
operation in a state where fuel is lean (i.e., where the 
air/fuel ratio is higher than the stoichiometric air/fuel ra- 
tio) but richer than that in the ultra-lean mode, a stoichi- 
ometric operation mode (stoichiometric feedback oper- 
ation mode) for performing feedback control based on 
information from an 0 2 sensor or the like so that the air/ 
fuel ratio becomes the stoichiometric air/fuel ratio, and 
an enriched operation mode (open-loop mode) for per- 
forming an operation in a state where fuel is rich (i.e., 
the air/fuel ratio is lower than the stoichiometric air/fuel 
ratio). 

[0006] Then , among these various kinds of operation 
modes, an appropriate mode is selected according to 
an operation state of the engine, i.e., state of engine 



speed and load, so as to control the engine. 
[0007] In general, when the output requiredfor the en- 
gine is small, i.e., when both engine speed and load are 
low, the compressed lean mode is selected in order to 
5 improve fuel consumption ratio; and as the engine 
speed and engine load increase from there, the intake 
lean operation mode, stoichiometric operation mode, 
and enriched operation mode are successively select- 
ed. 

10 [0008] Meanwhile, in general as shown in FIG. 1 4(B), 
the higher the temperature or pressure in the combus- 
tion chamber is, the more likely occur self-ignition of fuel 
and knocking of the engine, thus limiting improvement 
in compression ratio from the viewpoint of knocking 

*5 elimination. In the spark ignition type in-cylinder injec- 
tion internal combustion engine, by contrast, knocking 
is hard to occur because air inducted in the combustion 
chamber is cooled by injecting fuel from an early stage 
of an intake stroke, whereby compression ratio can be 

20 set higher. 

[0009] On the other hand, it has been found that, 
when the compression ratio is set higher in the spark 
ignition type in-cylinder injection internal combustion en- 
gine, knocking occurs only for a short period of time up- 

25 on starting in the case of a vehicle equipped with auto- 
matic transmission (AT car) in particular. When gasoline 
is used as fuel, this phenomenon is more remarkable 
with gasoline having a lower octane number (regular 
gasoline) than that having a higher octane number (pre- 

30 mium gasoline). 

[0010] It is presumed that knocking occurs in the AT 
car upon starting due to a low speed and high load state 
generated at that time. 

[0011] Namely, as shown in FIG. 15, upon starting the 
35 AT car, as an accelerator is activated from an idle oper- 
ation state, the intake air amount drastically increases 
in response to a rapid increase in throttle opening angle, 
thereby dramatically enhancing the engine load. By con- 
trast, the engine rotational speed increases slower than 
40 the engine load, thus temporarily yielding a low-speed 
and high-load state (see region LH in FIG. 15) though 
for a short period of time. 

[001 2] Namely, adopted when the engine operates at 
a low speed under high load is the stoichiometric oper- 

45 ation mode or enriched operation mode that attains an 
air/fuel ratio (on the order of 12 to 18) at which knocking 
is likely to occur as shown in FIG. 14(A). Also, in this 
operation mode, while a large amount of fuel is injected 
into the combustion chamber from the first half of the 

50 intake stroke, a low speed state is temporarily generated 
as mentioned above, whereby it takes a long time for 
the injected fuel to be atomized, thus becoming easy to 
self-ignite. Consequently, knocking is very likely to occur 
in the low-speed and high-load state. 

55 [0013] In a vehicle equipped with manual transmis- 
sion (MT car), since the engine rotational speed rises 
during a delay in clutch operation, knocking upon start- 
ing occurs less frequently than in the AT car. 
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[001 4] As means against such starting knocks, the ig- 
nition timing may be retarded. Nevertheless, retarding 
control is limited in order to secure starting torque, thus 
making it difficult to sufficiently prevent starting knock 
from occurring. 

[0015] Accordingly, further proposed as means 
against starting knock is, for example, setting an idle 
speed higher in the D range of the AT car so as to sup- 
press the degree of lowering the rotational speed upon 
starting and secure the starting torque. 
[001 6] When the idle speed is set higher, however, fu- 
el consumption ratio consequently deteriorates. 
[0017] An example of techniques for preventing 
knocks in the spark ignition type in-cylinder injection in- 
ternal combustion engine is disclosed in Japanese Pat- 
ent Application Laid-Open (Kokai) No. HEI 7-189767. In 
this technique, fuel is injected for a plurality of times, so 
that a uniform air/fuel mixture is formed at an earlier in- 
jection, and a spark is generated at a later injection in 
the vicinity of an ignition timing, whereby the uniform air/ 
fuel mixture formed at the earlier injection is rapidly 
burned, in order to prevent knocks. 
[0018] This technique is supposed to utilize fumiga- 
tion which is one of knock preventing methods in diesel 
engines. Here, fumigation refers to a technique in which, 
in an intake stroke in a diesel engine, while fuel is being 
atomized orvaporized, it is mixed into intake airto such 
an extent that the air/fuel mixture does not cause self- 
ignition, whereby the retardation of ignition is reduced 
by a preflame reaction during a compression stroke, 
thus preventing knocks. 

[0019] In order to adopt fumigation in a spark ignition 
type in-cylinder injection internal combustion engine, for 
example, fuel injection (earlier injection) may be per- 
formed at an intake stroke while preventing thus injected 
fuel from self-igniting, and ignition may be effected after 
fuel injection is performed at a compression stroke. 
Here, it is important for the fuel in the earlier injection to 
be kept from self-igniting. The above-mentioned publi- 
cation, however, fails to specifically disclose how to pre- 
vent the earlier injected fuel from self-igniting. Rather, 
the earlier fuel injection amount is disclosed as being 
set greater by which the earlier injected fuel is likely to 
self-ignite, thus failing to securely prevent knocking. 
[0020] Also, while fumigation is effective in preventing 
knocks and increasing output, it disadvantageously in- 
creases the HC (hydrocarbon) amount in exhaust gas, 
which may result in problematic exhaust gas odor in die- 
sel engines. In the case where an antiknock technique 
based on fumigation is adopted in a spark ignition type 
in-cylinder injection internal combustion engine, though 
its advantages are supposed to be utilized without yield- 
ing so much problems in terms of exhaust gas odor it 
is necessary for such technique to be used under an 
appropriate condition in view of the overall performance 
of the engine. Nevertheless, the above-mentioned pub- 
lication fails to fully disclosethis point, thus leaving prob- 
lems concerning such a control condition for preventing 



knocks. 

SUMMARY OF THE INVENTION 

5 [0021] In view of theforegoing problems, it is an object 
of the present invention to provide a spark ignition type 
in-cylinder injection internal combustion engine which 
can enhance compression ratio, so as to securely pre- 
vent knocking at the time of starting or the like without 

10 increasing idle speed and without generating adverse 
effects caused by the knocking prevention, while being 
capable of yielding sufficient output. 
[0022] Accordingly, the present invention provides a 
spark ignition type in-cylinder injection internal combus- 
ts tion engine which comprises a fuel injection valve for 
directly injecting fuel into a combustion chamber, and 
injects fuel during a compression stroke in a specific op- 
eration region under an intermediate to high load so as 
to perform stratified combustion ; further comprising con- 

20 trol means for driving and controlling the fuel injection 
valve such that, in the stratified combustion, prior to the 
fuel injection during the compression stroke, fuel is in- 
jected from the fuel injection valve during an intake 
stroke by such an amountthatthefuel fails to self-ignite. 

25 [0023] In this configuration, at the time of stratified 
combustion, prior to the fuel injection during the com- 
pression stroke, fuel is injected from the fuel injection 
valve during an intake stroke by such an amount that 
the fuel fails to self-ignite. As stratified combustion is 

30 performed upon ignition after the fuel injection during 
the compression stroke, the fuel injected during the 
compression stroke does not have enough time to pro- 
ceed with a knocking reaction, thus failing to self-ignite. 
Of course, thefuel injected during the intake stroke does 

35 not self-ignite either, whereby knocks can be prevented 
from occurring under such a combustion condition, i.e.. 
the specific operation region under the intermediate to 
high load. 

[0024] Also, in the process in which stratified combus- 
40 tion of the fuel injected at the compression stroke is un- 
der way; while the air/fuel mixture containing the fuel 
injected during the intake stroke beforehand is being 
burned, it contributes to burning the unburn ed portion of 
the fuel injected at the compression stroke and, conse- 
45 quently, to increasing the output of the engine and puri- 
fying the exhaust gas. 

[0025] Further, in the case where the specific opera- 
tion state is an engine speed lower than a predeter- 
mined engine speed, for example, it is possibleto broad- 

50 en a knocking limit output region which can secure a 
torque required for starting without knocking, thus allow- 
ing a required output to be secured without knocking 
even upon sudden starting orthe like, whereby a feeling 
of acceleration can be improved. Also, since the starting 

55 torque is fully secured, the idle speed can be set low. 
thus allowing the fuel consumption ratio upon idling to 
improve. 

[0026] In this case, the specific operation state is pref- 
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erably an engine speed lower than a preset engine 
speed (e.g., 2,500 rpm). Consequently, the operation re- 
gion upon starting, i.e., knocking limit output region 
where a torque required for starting is secured without 
knocking, can be broadened in particular. Thus, in the 
case where the accelerator is stepped on to a level cor- 
responding to a full-open state, for example, a required 
output can be secured without knocking, thus allowing 
a feeling of acceleration to improve. Also, since the start- 
ing torque is fully secured, the idle speed can beset low, 
thus allowing the fuel consumption ratio upon idling to 
improve. 

[0027] Though the fuel injection may be performed 
once in the intake stroke, it may also be effected a plu- 
rality of times in the case where fuel cannot be injected 
upon one injection fully or appropriately in terms of per- 
formance of the fuel injection valve. 
[0028] Preferably, the control means drives and con- 
trols the fuel injection valve such that fuel is mainly in- 
jected during the compression stroke under a low load 
so as to perform stratified combustion, whereas fuel is 
mainly injected during the intake stroke under the inter- 
mediate to high load except for the specific operation 
region so as to perform pre-mixture combustion. 
[0029] In this configuration, since fuel is mainly inject- 
ed during the compression stroke under a low load so 
as to perform stratified combustion, whereas fuel is 
mainly injected during the intake stroke under the inter- 
mediate to high load except for the specific operation 
region so as to perform pre-mixture combustion, optimal 
combustion can be realized according to the operation 
state, thus allowing the fuel consumption ratio and out- 
put of the engine to improve. 

[0030] Preferably, the control means drives and con- 
trols the fuel injection valve such that, in the specific op- 
eration region under the intermediate to high load, a 
substantially constant amount of fuel is injected during 
the intake stroke, whereas an amount of fuel substan- 
tially proportional to a state of load is injected during the 
compression stroke. 

[0031] In this configuration, in the specific operation 
region under the intermediate to high load, a substan- 
tially constant amount of fuel is injected duringthe intake 
stroke, whereas an amount of fuel substantially propor- 
tional to a state of load is injected during the compres- 
sion stroke; whereby combustion suitable for the oper- 
ation state can be realized by a very simple control, thus 
allowing thefuel consumption ratio and output of the en- 
gine to improve. 

[0032] Preferably, the control means drives and con- 
trols the fuel injection valve such that, in the specific op- 
eration region under the intermediate to high load, fuel 
is injected during the intake stroke by such an amount 
that an air/fuel ratio becomes on the order of 30 to 60, 
whereas fuel is injected during the compression stroke 
by such an amount that a total air/fuel ratio becomes 
richer than a stoichiometric air/fuel ratio. 
[0033] In this configuration, in the specific operation 



region under the intermediate to high load, fuel is inject- 
ed in the intake stroke by such an amount that an air/ 
fuel ratio becomes on the order of 30 to 60, whereas fuel 
is injected by such an amount that a total air/fuel ratio 
5 becomes richer than a stoichiometric air/fuel ratio; 
whereby the output can be improved greatly while se- 
curely eliminating knocks. 

[0034] Preferably, in this case, the total air/fuel ratio 
is about 12. 

10 [0035] Also, thefuel injection amount during the com- 
pression stroke is preferably on the order of 60% to 90% 
with respect to the total fuel injection amount. 
[0036] Preferably, the internal combustion engine is a 
multiple-cylinder type internal combustion engine, each 

15 cylinder being provided with the fuel injection valve, in 
which the control means controls the fuel injection valve 
such that a fuel injection timing of one cylinder during 
the intake stroke in the specific operation region under 
the intermediate to high load is prevented from overlap- 

20 ping a fuel injection timing of another cylinder during the 
compression stroke. 

[0037] In this configuration, since a fuel injection tim- 
ing of one cylinder during the intake stroke in the specific 
operation region under the intermediate to high load is 
25 set so as to be prevented from overlapping a fuel injec- 
tion timing of another cylinder during the compression 
stroke, a burden on a driving system (injector driver) of 
the fuel injection valve can be alleviated, whereby it is 
unnecessary for the injector driver to be provided as a 
30 separate circuit for each fuel injection valve, thus allow- 
ing the cost to decrease. 

[0038] Preferably, the specific operation region is an 
operation region where the temperature of the engine is 
at least a predetermined temperature and the engine 
35 speed is not higher than a predetermined speed. 

[0039] In this configuration, since the specific opera- 
tion region is set to an operation region where the tem- 
perature of the engine is at least a predetermined tem- 
perature and the engine speed is not higher than a pre- 
40 determined speed, the combustion optimal for the re- 
quired operation statecan be selected, thus allowing the 
output and fuel consumption ratio to improve. 
[0040] In particular, upon starting, a torque required 
for starting can be secured without knocking, whereby 
45 the required output can be secured without knocking, 
thus allowing a feeling of acceleration to improve. Also, 
since the starting torque can fully be secured, the idle 
speed can be set low, thus allowing the fuel consump- 
tion ratio upon idling to improve. 
50 [0041] Preferably, the engine further comprises fuel 
property detecting means, and the control means cor- 
rects the fuel injection amount during the intake stroke 
in the specific operation region under the intermediate 
to high load according to a result detected by the fuel 
55 property detecting means. 

[0042] In this configuration, since the fuel injection 
amount during the intake stroke in the specific operation 
region under the intermediate to high load effected by 
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the control means is corrected according to a result de- 
tected by the fuel property detecting means, knocks can 
be prevented from occurring according to the individual 
fuel property, and a greater output can be obtained, 
thereby improving fuel consumption ratio as well. 5 
[0043] Preferably, the engine further comprises an ig- 
nition timing control means for controlling the ignition 
timing of the engine; wherein the control means has 
mode selecting means which selects one of a stratified 
combustion mode for controlling the fuel injection valve 10 
such that, when the operation state is in the low load 
region, fuel is injected during the compression stroke, a 
divisional stratified combustion mode for controlling the 
fuel injection valve such that, when the operation state 
is in the specific operation region, fuel is injected during is 
the intake stroke prior to the fuel injection during the 
compression stroke by such an amount that the fuel is 
prevented from self-igniting, and a pre-mixture combus- 
tion mode for controlling the fuel injection valve such 
that, when the operation state is neither in the low load 20 
operation region nor in the specific operation region, fuel 
is injected during the intake stroke, so as to operate the 
engine; and wherein, when the mode selecting means 
switches between the divisional stratified combustion 
mode and an operation mode other than the divisional 25 
stratified combustion mode, the ignition timing control 
means maintains, at least until the fuel injection timing 
of the fuel injection valve is switched from the combus- 
tion mode before switching to the combustion mode af- 
ter switching, the ignition timing in conformity to the com- 30 
bustion mode before switching so as to effect control. 
[0044] In this configuration, since the divisional fuel 
injection is performed in the specific operation region 
under the intermediate to high load, such advantages 
as knocking prevention, increase in output, and contri- 35 
bution to exhaust gas purification can be obtained; 
while, upon starting in the case where the specific op- 
eration state is a low engine speed, a required output 
can be secured without knocking even upon sudden 
starting, thus allowing a feeling of acceleration to im- 40 
prove, and a starting torq ue can be secu red sufficiently, 
whereby the idle speed can be set low, thus allowing the 
fuel consumption ratio upon idling to improve. 
[0045] In addition, when the operation modes of the 
engine are switched, the ignition timing in conformity to 45 
the former mode is adopted before the fuel injection 
states are switched, whereby ignition can be performed 
with an appropriate timing upon switching the operation 
modes. Consequently, deterioration of combustion, 
which is likely to occur due to shifting of ignition timings 50 
or the like upon switching the operation modes, can be 
prevented from occurring, thus allowing an optimal com- 
bustion state to be always realized. 
[0046] In this configuration, in the compression stroke 
injection mode of the in-cylinder injection internal com- 55 
bustion engine, combustion stability can be secured 
while accelerating improvement in fuel consumption ra- 
tio, whereby improvement in fuel consumption ratio and 



combustion stability as well as exhaust gas purification 
can be realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0047] 

FIG. 1 is a schematic block diagram showing a con- 
figuration of main parts of a spark ignition type in- 
cylinder injection internal combustion engine in ac- 
cordance with a first embodiment of the present in- 
vention; 

FIG. 2 is a viewshowing a configuration of the spark 
ignition type in-cylinder injection internal combus- 
tion engine in accordance with the first embodiment 
of the present invention; 

FIG. 3 is a view (map) for explaining operation 
modes in the spark ignition type in-cylinder injection 
internal combustion engine in accordance with the 
first embodiment of the present invention; 
FIG. 4(A) is a main sectional view for explaining a 
principle of combustion based on divisional injec- 
tion in the spark ignition type in-cylinder injection in- 
ternal combustion engine in accordance with the 
first embodiment of the present invention, showing 
a state of the engine at the compression injection 
timing; 

FIG. 4(B) is a main sectional view for explaining a 
principle of combustion based on divisional injec- 
tion in the spark ignition type in-cylinder injection in- 
ternal combustion engine in accordance with the 
first embodiment of the present invention, showing 
a state of the engine atthe later stage of combustion 
after ignition; 

FIG. 5(A) is a chart showing an example for setting 
a compression stroke injection of divisional injection 
and its resulting effect in the spark ignition type in- 
cylinder injection internal combustion engine in ac- 
cordance with the first embodiment of the present 
invention, for explaining the ratio of compression 
stroke injection and fuel injection timing; 
FIG. 5(B) is a chart showing the above-mentioned 
example for setting a compression stroke injection 
of divisional injection and its resulting effect in the 
spark ignition type in-cylinder injection internal com- 
bustion engine in accordance with the first embod- 
iment of the present invention, indicating a charac- 
teristic of improving knocking limit output by the di- 
visional injection; 

FIG. 6(A) is a chart showing another example for 
setting a compression stroke injection of divisional 
injection and its resulting effect in the spark ignition 
type in-cylinder injection internal combustion en- 
gine in accordance with the first embodiment of the 
present invention, for explaining the ratio of com- 
pression stroke injection and fuel injection timing; 
FIG. 6(B) is a chart showing the above-mentioned 
another example for setting a compression stroke 
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injection of divisional injection and its resulting ef- 
fect in the spark ignition type in-cylinder injection in- 
ternal combustion engine in accordance with the 
first embodiment of the present invention, indicating 
a characteristic of improving knocking limit output 5 
by the divisional injection; 

FIG. 7(A) is a view for explaining a fuel injection 
characteristic including divisional injection in the 
spark ignition type in-cylinder injection internal com- 
bustion engine in accordance with the first embod- 10 
iment of the present invention; 
FIG. 7(B) is a view for explaining a fuel injection 
characteristic including divisional injection in a mod- 
ified example of the spark ignition type in-cylinder 
injection internal combustion engine in accordance is 
with the first embodiment of the present invention; 
FIG. 8 is a flowchart for explaining divisional injec- 
tion control in the spark ignition type in-cylinder in- 
jection internal combustion engine in accordance 
with the first embodiment of the present invention; 20 
FIG. 9 is a chart for explaining an effect (decrease 
in idle speed) obtained by divisional injection in the 
spark ignition type in-cylinder injection internal com- 
bustion engine in accordance with the first embod- 
iment of the present invention; 25 
FIG. 1 0 is a chart for explaining an effect (improve- 
ment in fuel consumption ratio caused by decrease 
in idle speed) obtained by divisional injection in the 
spark ignition type in-cylinder injection internal com- 
bustion engine in accordance with the first embod- 30 
iment of the present invention; 
FIG. 11 (A) is a chart for explaining ignition timing 
control in a spark ignition type in-cylinder injection 
internal combustion engine in accordance with a 
second embodiment of the present invention , show- 35 
ing an example of states of switching from a divi- 
sional injection mode to an intake injection mode; 
FIG. 11 (B) is a chart for explaining ignition timing 
control in the spark ignition type in-cylinder injection 
internal combustion engine in accordance with the 40 
second embodiment of the present invention , show- 
ing an example of states of switching from the intake 
injection mode to the divisional injection mode; 
FIG. 1 2 is a flowchart for explaining divisional injec- 
tion control in the spark ignition type in-cylinder in- 45 
jection internal combustion engine in accordance 
with the second embodiment of the present inven- 
tion; 

FIG. 1 3(A) is a chart for explaining an effect of divi- 
sional injection control in the spark ignition type in- 50 
cylinder injection internal combustion engine in ac- 
cordance with the first or second embodiment of the 
present invention, showing a characteristic of 
torque (T) with respect to air/fuel ratio (A/F) when 
an optimal ignition timing is established; 55 
FIG. 1 3(B) is a chart for explaining an effect of divi- 
sional injection control in the spark ignition type in- 
cylinder injection internal combustion engine in ac- 



cordance with the first or second embodiment of the 
present invention, showing a characteristic of 
torque (T) with respect to ignition timing (IG) at an 
optimal air/fuel ratio; 

FIG. 13(C) is a chart for explaining an effect of divi- 
sional injection control in the spark ignition type in- 
cylinder injection internal combustion engine in ac- 
cordance with the first or second embodiment of the 
present invention, showing a characteristic of 
torque (T) with respect to air/fuel ratio (A/F) at a con- 
stant ignition timing; 

FIG. 14(A) is a chart showing a typical knocking 
generation characteristic (self-ignition limit) with re- 
spect to air/fuel mixture concentration and temper- 
ature; 

FIG. 14(B) is a chart showing a typical knocking 
generation characteristic (self-ignition limit) with re- 
spect to temperature and pressure; and 
FIG. 15 is a chart for explaining a low-rotation and 
high-load state upon starting in a vehicle having a 
conventional spark ignition type in-cylinder injection 
internal combustion engine. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0048] In the following, embodiments of the present 
invention will be explained with reference to the accom- 
panying drawings, in which FIGs. 1 to 10 show a spark 
ignition type in-cylinder injection internal combustion en- 
gine in accordance with a first embodiment of the 
present invention, whereas FIGs. 11(A) to 13(C) show 
a spark ignition type in-cylinder injection internal com- 
bustion engine in accordance with a second embodi- 
ment of the present invention. The internal engine in 
each of these embodiments is supposed to be installed 
in an automobile. 

[0049] First, the configuration of the spark ignition 
type in-cylinder injection internal combustion engine 
(hereinafter also referred to as in-cylinder injection en- 
gine) in accordance with the first embodiment will be ex- 
plained with reference to FIG. 2. 
[0050] Depicted in FIG. 2 are an engine main body 1 , 
a cylinder 1 A, a piston 1 B, an intake passage 2, a throttle 
valve mounting section 3, an air cleaner 4, a bypass pas- 
sage (second bypass passage) 5, and a second air by- 
pass valve 6 adapted to regulate an amount of air flow- 
ing through the bypass passage 5. The intake passage 
2 is constituted, successively from the upstream side, 
by an inlet pipe 7, a surge tank 8, and an intake manifold 
9; whereas the bypass passage 5 is disposed upstream 
the surge tank 8. The bypass valve 6 is adjusted to a 
desired opening angle by a stepping motor, or its open- 
ing angle is controlled by a solenoid valve which is duty- 
controlled. 

[0051] Numeral 12 refers to an idle speed control 
functional section constituted by a bypass passage (first 
bypass passage) 13 and a first air bypass valve 14 as 
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a bypass valve. The first air bypass valve 14 is driven, 
for example, by a non-depicted stepping motor. Numeral 
15 refers to a throttle valve. The first bypass passage 
13 and the second bypass passage 5 are connected to 
the intake passage 2 respectively by their upstream and 
downstream ends, while bypassing the portion of the in- 
take passage 2 to which the throttle valve 1 5 is attached. 
[0052] Opening/closing control of each of the second 
air bypass valve 6 and the first air bypass valve 14 is 
performed via an electronic control unit (ECU) 16. 
[0053] Also provided are an exhaust passage 1 7 and 
a combustion chamber 1 8. Opening portions of the in- 
take passage 2 and the exhaust passage 17 with re- 
spect to the combustion chamber 1 8, i.e., an intake port 
2A and an exhaust port 1 7A, are respectively equipped 
with an intake valve 1 9 and an exhaust valve 20. 
[0054] Numeral 21 refers to a fuel injection valve (in- 
jector), which is disposed in this engine so as to directly 
inject fuel into the combustion chamber 18. 
[0055] Further provided are a fuel tank 22, fuel supply 
paths 23A to 23E, a low-pressure fuel pump (electric 
pump) 24, a high-pressure fuel pump (engine-driven 
pump) 25, a low-pressure regulator 26, a high-pressure 
regulator 27, and a delivery pipe 28; whereby fuel within 
the fuel tank 22 is driven by the low-pressure fuel pump 
24 and is further pressurized by the high-pressure fuel 
pump 25. which is operated directly in synchronization 
with the engine operation, so as to be supplied, in a pre- 
determined high-pressure state, to the injector 21 
through the fuel supply paths 23A and 23B and the de- 
livery pipe 28. Here, the fuel pressure emitted from the 
low-pressure fuel pump 24 is adjusted by the low-pres- 
sure regulator 26, whereas the fuel pressure pressu- 
rized by the high-pressurefuel pump 25 so as to be guid- 
ed to the delivery pipe 28 is adjusted by the high-pres- 
sure regulator 27. 

[0056] Also provided are an exhaust gas recirculation 
passage (EGR passage) 29 for recirculating the exhaust 
gas within the exhaust passage 17 of the engine 1 into 
the intake passage 2, a stepping motor type valve (EGR 
valve) 30 for adjusting the amount of recirculation of ex- 
haust gas flowing into the intake passage 2 through the 
EGR passage 29, a flow path 31 for returning blow-by 
gas, a passage 32 for positive crankcase ventilation, a 
valve 33 for positive crankcase ventilation, a canister 
34, and an exhaust gas purifying catalyst 35 (lean No x 
catalyst here). 

[0057] As shown in FIG. 2, since the ECU 1 6 controls 
not only the first and second air bypass valves 1 4 and 
6 but also the injector 21 , an ignition coil for a spark plug 
45 (see FIG. 1), and the EGR valve, and performs fuel 
pressure control by means of the high-pressure regula- 
tor 27; connected to the ECU 1 6 are an airflow sensor 
44, an intake temperature sensor 36, a throttle position 
sensor (TPS) 37 for detecting the throttle opening de- 
gree, an idle switch 38, an air conditioner switch (not 
depicted), a gear position sensor (not depicted) , a ve- 
hicle speed sensor (not depicted), a power steering 



switch (not depicted) for detecting the operation state of 
power steering, a starter switch (not depicted), a first 
cylinder sensor 40, a crank angle sensor 41 , a water 
temperature sensor 42 for detecting the temperature of 

5 cooling water forthe engine, an 0 2 sensor 43 for detect- 
ing the oxygen concentration in exhaust gas, and the 
like. Also provided within the ECU 16 is a function for 
computing an engine speed according to the crank an- 
gle sensor 41 . While the crank angle sensor 41 and this 

10 engine speed computing function constitute an engine 
speed sensor, the crank angle sensor 41 is also referred 
to as engine speed sensor here for convenience. 
[0058] In the following, details of control concerning 
the engine through the ECU 16 will be explained with 

15 reference to FIG. 1 . 

[0059] This engine switches, according to its opera- 
tion state, between pre-mixture burn operation which 
can be established by uniformly injecting fuel into the 
fuel combustion chamber 1 8 and a stratified burn oper- 

20 ation which can be established by concentrating the in- 
jected fuel around the spark plug 45 facing into the com- 
bustion chamber 18. 

[0060] This engine sets, as engine operation modes, 
a stratified combustion mode in which the above-men- 

25 tioned stratified burn operation is performed by injecting 
fuel at a compression stroke and a pre-mixture combus- 
tion mode in which the above-mentioned pre-mixture 
burn operation is performed by mainly injecting fuel at 
an intake stroke. 

30 [0061] Further provided as the stratified combustion 
mode is an ultra-lean operation mode (compressed lean 
operation mode) in which operation (ultra-lean burn op- 
eration) is performed by stratified combustion in a state 
where fuel is very lean (i.e., the air/fuel ratio is much 

35 higher than the stoichiometric air/fuel ratio). 

[0062] Also provided as the pre-mixture combustion 
mode is a lean operation mode (intake lean operation 
mode) for performing an operation in a state where fuel 
is lean (i.e., higher than the stoichiometric air/fuel ratio) 

40 but richer than that in the ultra-lean mode, a stoichio- 
metric operation mode (stoichiometric feedback opera- 
tion mode) for performing feedback control based on in- 
formation from the 0 2 sensor or the like so that the air/ 
fuel ratio becomes the stoichiometric air/fuel ratio, and 

45 an enriched operation mode (open-loop mode) for per- 
forming an operation in a state where fuel is rich (i.e.. 
the air/fuel ratio is lower than the stoichiometric air/fuel 
ratio). 

[0063] In the compressed lean operation mode, the 
50 leanest combustion (where the air/fuel ratio is on the or- 
der of 30 to 40 or higher) can be realized. In this mode, 
fuel injection is performed at a step very close to the 
ignition timing such as a later stage of the compression 
stroke, and fuel is concentrated in the vicinity of the 
55 sparkplug so as to be partially enriched while being kept 
lean as a whole, whereby economical operation can be 
performed while ignitability and combustion stability are 
secured. 



7 



13 



EP 1 128 048 A1 



14 



[0064] The intake lean operation mode can also real- 
ize lean combustion (where the air/fuel ratio is on the 
order of 20 to 24). In this mode, fuel injection is per- 
formed at the intake stroke earlier than that performed 
in the compressed lean operation mode, so that fuel is 
diffused within the combustion chamber, thus making 
the overall air/fuel ratio lean. Consequently, economical 
operation can be performed while ignitability and com- 
bustion stability are secured. 

[0065] In the stoichiometric operation mode, a suffi- 
cient engine output can efficiently be obtained according 
to the output of the 0 2 sensor while the air/fuel ratio is 
kept at the stoichiometric state or in the vicinity thereof. 
[0066] In the open-loop burn operation mode, burn 
operation is performed at the stoichiometric air/fuel ratio 
or an (enriched) air/fuel ratio richer than that by open- 
loop control in order to obtain sufficient output upon ac- 
celeration or starting. 

[0067] This internal combustion engine includes, in 
addition to these modes, a divisional injection enriched 
mode (hereinafter referred to as divisional injection 
mode) which is a characteristic feature of the present 
invention. This divisional injection mode, in which fuel 
injection is divisionally performed at the intake stroke 
and compressed stroke and, in particular, combustion 
is performed mainly by stratified combustion of the fuel 
injected at the compression stroke, is included in the 
stratified combustion mode. 

[0068] In this divisional injection mode, the fuel injec- 
tion amount is set such that a fuel-rich air/fuel mixture 
(i.e., air/fuel mixture having a total air/fuel ratio lower 
than the stoichiometric air/fuel ratio) is formed by the 
total injection amount of the intake stroke injection and 
compression stroke injection. While the compression 
stroke injection is performed after the intake stroke in- 
jection, knocking occurs when the fuel supplied into the 
cylinder by the intake stroke injection is self-ignited. 
Consequently, in the intake stroke injection, fuel injec- 
tion is performed by such an amount that the fuel con- 
centration becomes lean, in order to prevent the injected 
fuel from self-igniting. 

[0069] Namely, as shown in the above-mentioned 
FIG. 14(A) ; fuel is likely to self-ignite when the air/fuel 
ration A/F is on the order of 1 8 to 1 2 in the vicinity of the 
stoichiometric air/fuel ratio, for example; and fuel is less 
likely to self-ignite as the fuel concentration in the air/ 
fuel mixture deviates from the stoichiometric air/fuel ra- 
tio. In order to adopt fumigation, it is necessary for fuel 
to be mixed into the intake air to such an extent that the 
air/fuel mixture does not self-ignite, while the fuel is be- 
ing atomized or vaporized. To this end, in the intake 
stroke injection, an air/fuel mixture having a very lean 
fuel concentration (in which the air/fuel ratio A/F is much 
higher than the stoichiometric air/fuel ratio) is formed. 
[0070] Here, at the time of the intake stroke injection, 
fuel injection is performed with an injection amount set 
such that the air/fuel ratio becomes on the order of 30 
to 60. 



[0071] On the other hand, at the time of the compres- 
sion stroke injection, fuel injection is performed by set- 
ting an injection amount corresponding to an air/fuel ra- 
tio on the order of 15 to 20, so that a fuel-rich air/fuel 
5 mixture, i.e., an air/fuel mixture having an air/fuel ratio 
of about 1 2, can be formed by the total injection amount 
of the compression stroke injection and intake stroke in- 
jection. 

[0072] Namely, in the case where the air/fuel ratio at 
10 the time of the intake stroke injection is about 60, when 
fuel injection is performed by afuel injection amount cor- 
responding to an air/fuel ratio of about 15, the total air/ 
fuel ratio corresponding to the total injection amount can 
be set to about 12 (i.e., 1/12= 1/60 + 1/15). In the case 
15 where the air/fuel ratio at the time of the intake stroke 
injection is about 30, when fuel injection is performed by 
afuel injection amount corresponding to an air/fuel ratio 
of about 20, the total air/fuel ratio corresponding to the 
total injection amount can be set to about 12 (i.e., 1/12 
20 = 1/30 + 1/20). 

[0073] Among these various kinds of operation 
modes, one mode is selected so as to control the engine 
operation. This operation mode is selected according to 
a map such as that shown in FIG. 3 in response to en- 
25 gine speed Ne and effective pressure Pe indicating a 
state of load. 

[0074] In addition to the above-mentioned operation 
modes, a fuel cut mode for stopping (cutting) fuel injec- 
tion is provided. Thefuel cut mode is not explained here, 
30 since it is a mode under a particular condition and is 
performed in order to prevent the engine rotational 
speed from exceeding its upper limit, temporarily save 
the fuel consumption at the time when the throttle valve 
is closed, keep HC from being discharged in excess so 
35 as to prevent the catalyst from being heated too much, 
and so forth. 

[0075] As shown in FIG. 3, in the case where both en- 
gine speed Ne and load Pe are low, the ultra-lean oper- 
ation mode (compressed lean operation mode) is se- 
40 lected. As the engine speed Ne and load Pe become 
higher, the lean operation mode (intake lean operation 
mode), stoichiometric operation mode (stoichiometric 
feedback operation mode), and enriched operation 
mode (open-loop mode) are successively selected. 
45 [0076] As shown in FIG. 3, though the enriched oper- 
ation mode responds to high load most favorably, the 
load to which the enriched operation mode can respond 
becomes lower in the lower engine speed region as well . 
The divisional injection mode is selected at a low-speed 
50 and high-load region of the engine which cannot be re- 
sponded by the enriched operation mode. 
[0077] The divisional injection mode region can thus 
be set to the low-speed and high-load region of the en- 
gine since a high engine output can be obtained in the 
55 divisional injection mode operation even when the en- 
gine speed is low. The burn phenomenon at the time of 
divisional injection, which has been experimentally con- 
firmed, is supposed to yield a high output as follows. 
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[0078] Namely, upon this divisional injection, at its 
compressed injection timing, within the combustion 
chamber where a fuel-lean air/fuel mixture (whose air/ 
fuel ratio A/F = 30 to 60) formed by the intake stroke 
injection beforehand has been distributed, an air/fuel 
mixture with a partially high fuel concentration formed 
by the compression stroke injection (an air/fuel mixture 
having a high fuel concentration due to the fact that fuel 
corresponding to a total air/fuel ratio A/F = 15 to 20 is 
injected into the cavity) flows into the vicinity of the spark 
plug 45 as a stratified flow. 

[0079] Here, the air/fuel mixture formed by the intake 
stroke injection is sufficiently lean so that it cannot self- 
ignite. The rich air/fuel mixture formed as a stratified flow 
by the compression stroke injection cannotself-ignite ei- 
ther since it does not have enough time to proceed with 
a pre-reaction for knocking before ignition is effected by 
the spark plug 45 thereafter. Accordingly, without caus- 
ing fuel to self-ignite, the spark plug 45 effects ignition. 
[0080] Consequently, the rich air/fuel mixture in the vi- 
cinity of the spark plug 45 is initially ignited, whereby the 
stratified flow of rich air/fuel mixture begins to burn. Up- 
on burning, this enriched air/fuel mixture lacks air, thus 
generating a large amount of soot. As shown in FIG. 4 
(B), it is supposed that the lean air/fuel mixture formed 
by the intake stroke injection is burned as being ignited 
by thus generated soot. 

[0081] Namely, due to the lean air/fuel mixture formed 
by the intake stroke injection, the excess air surrounding 
the stratified rich air/fuel mixture formed in the compres- 
sion stroke injection can be utilized effectively, thus al- 
lowing the combustion energy to fully increase and a 
high output to yield. Also, it is possible to greatly sup- 
press generation of soot which may become problem- 
atic when a relatively rich air/fuel mixture is burned in 
the stratified combustion effected by the compression 
stroke injection. 

[0082] The divisional injection mode includes an inhi- 
bition region . Here, the inhibition region is set to an area 
where engine cooling water temperature (which may be 
not only the cooling water temperature but also any de- 
tectable parameter concerning the engine temperature, 
the easily detectable cooling water temperature being 
selected here) is not higher than a predetermined tem- 
perature (e.g., -1 0°C). This is due to the fact that atom- 
ization of fuel may be deteriorated when the enginetem- 
perature is low, and a fumigation condition may not be 
satisfied when the fuel injected at the intake stroke is 
hard to atomize, thus failing to yield antiknock effects. 
[0083] In thefollowing, howto set the ratio of injection 
amount and injection timing for the compression stroke 
injection in such divisional injection mode will be ex- 
plained with reference to FIGs . 5 (A), 5 (B), 6(A), and 
6(B). 

[0084] A pair of FIGS. 5 (A) and 5 (B) and a pair of 
FIGS. 6 (A) and 6(B) respectively show examples of 
characteristics in spark ignition type in-cylinder injection 
internal combustion engines whose specifications are 



different from each other. FIGs. 5(A) and 6(A) explain 
how to set the injection amount ratio (compression 
stroke injection pulse/total injection pulse) and injection 
timing of the compression stroke injection under a con- 

5 dition where engine speed Ne is 600 rpm ; ignition timing 
is 20° ATDC (at a crank angle of 20° after top dead 
center) , intake stroke injection timing is 280° BTDC (at 
a crank angle of 280° before top dead center), and total 
air/fuel ratio is 12; whereas FIGs. 5(B) and 6(B) indicate 

10 knocking limit output characteristics respectively ob- 
tained by the settings shown in FIGs. 5(A) and 6(A). 
[0085] First, explanation will be based on FIGs. 5(A) 
and 5(B). As shown in FIG. 5(A), when the timing for 
compression stroke injection is advanced, a pre-reac- 

15 tion for knocking proceeds, thus yielding a knocking re- 
gion. As the ratio of the compression stroke injection 
amount to the former injection amount is made higher 
the total HC (THC), i.e., total amount of hydrocarbon, 
becomes larger. As the compression stroke injection 

20 timing is retarded and the ratio of compression stroke 
injection amount is made higher, a larger amount of 
smoke is generated. Also, in response to the compres- 
sion stroke injection timing and compression stroke in- 
jection amount ratio, there exists a region, as depicted, 

25 where rotation greatly fluctuates, resulting in misfire. 
Further, according to the compression stroke injection 
timing and compression stroke injection amount ratio, 
there exists, as a depicted curve, an equal output line 
for minimally required torque. 

30 [0086] In view of these various conditions, on the ma- 
jor premise that no knock will be generated (i.e., it will 
not be in the knocking region) and that no misfire will 
occur (i.e., it will not be in the misfire region), a divisional 
injection area A1, depicted as a halftone in FIG. 5(A), 

35 exists as a region where THC is not too much but a min- 
imally required torque can be obtained. 
[0087] Though the area A1 is mainly defined by the 
equal output line for the minimally required torque here, 
requirements for defining the area A1 may differ, even 

40 in the same engine, depending on the setting of limit lev- 
els concerning THC and smoke generation. Also, even 
in the same engine, requirements for defining the area 
Al may differ according to different operation conditions. 
[0088] Further, in the case where engine specifica- 

45 tions differ from each other, even when operation con- 
ditions are the same and individual defining conditions 
are the same (neither knock nor misfire occurs, limit lev- 
els for THC and smoke generation are the same, and 
minimally required torque levels are the same); like an 

50 area A2 shown in FIG. 6(A) as a halftone in FIG. 6(A), 
the divisional injection area A2 differs from the area A1 
shown in FIG. 5(A). 

[0089] Within these divisional injection areas A1 and 
A2, points P1 and P2 which satisfy the individual defin- 
es jng conditions with the most favorable balance are indi- 
cated in FIGs. 5(A) and 6(A) as circles. 
[0090] As indicated by the areas A1 and A2 in FIGs. 
5(A) and 6(A), an area suitable for performing divisional 
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injection exists where the compression stroke injection 
timing is on the order of 30° to 1 00° BTDC and the ratio 
of compression stroke injection amount is on the order 
of 60% to 90%. Though such a numeric range can be 
set as a divisional injection area in these two engines, 
for example, the divisional injection area may deviate 
depending on changes in engine characteristics, oper- 
ation condition, and area-defining conditions. Such nu- 
meric setting in which the compression stroke injection 
timing is on the order of 30° to 1 00° BTDC and the ratio 
of compression stroke injection amount is on the order 
of 60% to 90% should be regarded as a rough standard 
for setting values. Hence, it is preferred that setting be 
made according to individual engine characteristics, op- 
eration conditions, and area-defining conditions. 
[0091] When the compression stroke injection is per- 
formed under the conditions of points P1 and P2 in the 
divisional injection areas A1 and A2, as compared with 
the case (enriched operation mode) with the same air/ 
fuel ratio (= 12) where fuel injection is performed only at 
the intake stroke, knocking limit output is greatly im- 
proved as respectively shown in FIGs. 5(B) and 6(B). 
Here, the knocking limit output is obtained when the in- 
jection timing is advanced within a range where no 
knocking occurs. 

[0092] As depicted, in the case where fuel is injected 
only at the intake stroke, knocking may occur in a low 
engine speed region unless the ignition timing is greatly 
retarded to 20A ["A" indicating "° ATDC (crank angle af- 
ter top dead center)"]. 14A. or 12A. In the divisional in- 
jection, by contrast, though the ignition timing is set to 
20A or 1 6A in a region where the engine speed is very 
low, it can be successively advanced to 11 A, 7A, 4A, 
and 2A in higher speed regions. As being facilitated by 
such advance in ignition timing as well, the knocking lim- 
it output greatly improves. 

[0093] Here, in the low engine speed region where 
such divisional injection is performed, the engine oper- 
ation modes are switched according to states of load, 
as shown in FIG. 3, such that the compressed lean op- 
eration mode is selected under low load, the intake lean 
operation mode, stoichiometric operation mode, and 
open loop mode are selected under intermediate load, 
and the divisional injection mode is selected under high 
load. Accordingly, fuel injection characteristics of an en- 
gine in a certain row speed region can schematically be 
depicted as shown in FIGs. 7(A) and 7 (B), for example. 
[0094] Here, FIG. 7(A) relates to this embodiment, 
whereas FIG. 7(B) refers to a modified example thereof. 
First, explanation will be based on FIG. 7(A). 
[0095] Under a low load operation of the engine 
(where Pe is low), the compressed lean operation mode 
is selected. Consequently, as indicated by an area INJ1 
in FIG. 7(A), thefuel injection starting timing is advanced 
as load becomes higher, so as to increase the fuel in- 
jection period (and consequently the fuel injection 
amount) in response to the rise in load, while a certain 
point of time (optimal time) in the compression stroke is 



adopted as the fuel injection terminating timing. Upon 
an intermediate to high load operation of the engine 
(where Pe is intermediate to high), the intake lean op- 
eration mode, stoichiometric operation mode, and open- 

5 loop mode are selected according to states of load. In 
these modes, since fuel injection is performed at the in- 
take stroke; as indicated by an area INJ2 in FIG. 7 (A), 
the fuel injection starting timing is advanced as load be- 
comes higher, so as to increase the fuel injection period 

10 (and consequently the fuel injection amount) in re- 
sponse to the rise in load, while a certain point of time 
(optimal time) in the intake stroke is adopted as the fuel 
injection terminating timing. 

[0096] Upon a very high load operation of the engine 

15 (where Pe is particularly high), the divisional injection 
mode is selected, so that fuel injection is divisionally per- 
formed at the intake stroke, as indicated by an area 
INJ3A in FIG. 7 (A), and at the compression stroke, as 
indicated by an area INJ3B in FIG. 7(A). Also in this 

20 case, the respective terminating timings for the injec- 
tions INJ3Aand INJ3B are set to predetermined optimal 
points of time, whereas thefuel injection period (fuel in- 
jection amount) corresponding to the state of load is ad- 
justed as the fuel injection starting timing is changed. 

25 [0097] In this divisional injection mode, thefuel injec- 
tion amount is adjusted by the compression stroke in- 
jection INJ3B, whereas the intake stroke injection INJ3A 
is set so as to attain a constant fuel injection amount, i. 
e., a constant fuel injection starting timing as well as a 

30 constant fuel injection terminating timing. Of course, the 
fuel injection amount is adjusted by advancing the fuel 
injection starting timing of the compression stroke injec- 
tion INJ3B in response to the rise in load. 
[0098] The fuel injection amount (total injection peri- 

35 od) is thus adjusted by the compression stroke injection 
INJ3B alone due to the fact that, as mentioned above, 
it is necessary for the intake stroke injection INJ3A to 
be performed by such an amount that the fuel concen- 
tration becomes so lean as to prevent the injected fuel 

40 from self-igniting. Thus, the total fuel injection amount 
is mainly occupied by the injection amount of the com- 
pression stroke injection INJ3B, whereby the fuel 
amount can fully be adjusted by the compression stroke 
injection INJ3B alone. Accordingly, control is simplified 

45 as the fuel amount of the intake stroke injection is kept 
constant. 

[0099] Here, as shown in FIG. 7(B). in the case where 
such an engine is rotated at a low speed, the com- 
pressed lean operation mode and divisional injection 

50 mode may be selected respectively upon a low load op- 
eration and an intermediate to high load operation. 
[01 00] Namely, upon the low-load operation of the en- 
gine (where Pe is low), the compressed lean operation 
mode is selected. Consequently, as indicated by an area 

55 |NJ4 in FIG. 7(B), the fuel injection starting timing is ad- 
vanced as load becomes higher, so as to increase the 
fuel injection period (and consequently thefuel injection 
amount) in response to the rise in load, while a certain 
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point of time (optimal time) in the compression stroke is 
adopted as the fuel injection terminating timing. 
[0101] Upon the intermediate to high load operation 
of the engine (where Pe is intermediate to high), the di- 
visional injection mode is selected, so that, in addition 
to the compression stroke injection indicated by the area 
INJ4 in FIG. 7(B), an intake stroke injection indicated by 
an area INJ5 in FIG. 7(B) is performed. Also in this case, 
the respective terminating timings for the injections INJ4 
and INJ5 are set to predetermined optimal points of 
time, whereas the fuel injection period (fuel injection 
amount) corresponding to the state of load is adjusted 
as the fuel injection starting timing of the compression 
stroke injection INJ4 is changed alone. 
[0102] In this spark ignition type in-cylinder injection 
internal combustion engine, one mode is selected from 
the above-mentioned various kinds of engine operation 
modes. Such selection is effected according to engine 
operation state, i.e., engine load state Pe and engine 
speed Ne. Also, in each mode, fuel injection control, i. 
e., injection control of the fuel injection valve (injector) 
21 , and ignition timing control, i.e., drive control of the 
spark plug 45, are performed on the basis of engine op- 
eration state such as engine load state Pe and engine 
speed Ne. 

[0103] To this end, as shown in FIG. 1 , the spark ig- 
nition type in-cylinder injection internal combustion en- 
gine is provided with an operation state detecting means 
101 for detecting an engine operation state, and thus 
detected engine operation state information is fed into 
the ECU 1 6. Furtherprovided is afuel property detecting 
means 105 for detecting the property of fuel (i.e., fuel 
property such as octane number in the case of gaso- 
line), and thus detected fuel property information is fed 
into the ECU 16 as well. 

[0104] The ECU 16 comprises a mode selecting 
means 102 for selecting an operation mode according 
to the engine operation information and data (engine 
load state Pe and engine speed Ne) computed on the 
basis of the engine operation information, afuel injection 
control means 103 for setting afuel injection timing (fuel 
injection terminating timing and fuel injection starting 
timing) on the basis of the operation mode selected by 
the mode selecting means 102 and the above-men- 
tioned data (load Pe and speed Ne) so as to control driv- 
ing of the injector 21 , and an ignition timing control 
means 1 04 for setting a fuel ignition timing on the basis 
of the operation mode selected by the mode selecting 
means 1 02 and the above-mentioned data (load Pe and 
speed Ne) so as to control driving of the spark plug 45. 
[0105] Since the engine load state Pe is computed on 
the basis of engine speed Ne and throttle opening de- 
gree eth, engine operation state data fed into the ECU 
1 6 are the engine speed Ne and the throttle opening de- 
gree 0th, and the operation state detecting means 101 
comprises the engine speed sensor 41 and the throttle 
position sensor 37. 

[0106] Specifically, from the throttle opening degree 



0th detected by the throttle position sensor 37 and the 
engine speed sensor Ne based on the output of an ac- 
celerator position sensor and information detected by 
the crank angle sensor, a target engine load (target ef- 
5 fective pressure) Pe is set according to a map. 

[0107] Further, the target Pe is corrected according to 
whether the air conditioner is on or off, power steering 
is on or off. and so forth. From the corrected target Pe 
thus obtained and the engine speed Ne, the mode se- 
10 lection by the mode selecting means 1 02, the fuel injec- 
tion control by the fuel injection control means 103, the 
ignition control by the ignition timing control means 1 04, 
the air bypass valve control, and the like are performed. 
[0108] In the mode selection by the mode selecting 
15 means 1 02, a mode is selected from a map such as that 
shown in FIG. 3 according to the target Pe and engine 
speed Ne, whereas such map is selected from a plurality 
of kinds of maps according to a fuel property. Conse- 
quently, an appropriate operation mode can be selected 
20 according to the fuel property. 

[0109] Also, in order for the fuel injection control 
means 103 to control fuel injection, it is necessary to set 
the injection starting timing and injection terminating tim- 
ing. Here, as mentioned above, the injector driving time 
25 and the injection terminating timing of the injector are 
set and, while the injection starting timing is counted 
backward based on thus set time and timing, the driving 
timing of the injector is determined. 
[0110] Namely, in orderto set the injector driving time, 
30 the air/fuel ratio A/F is initially set according to a map or 
the like on the basis of the target Pe and engine speed 
Ne. The setting map in this case is set for each mode, 
and the one corresponding to the engine operation state 
is selectively used. 
35 [0111] From thus obtained air/fuel ratio A/F and an in- 
take amount Qpb detected by the air flow sensor, an in- 
jector driving time Tinj is computed. In this engine, the 
injector driving time Tinj is corrected not only in terms of 
unequal injector ratios among cylinders and dead times 
40 among cylinders, but also (as fuel property correction) 
in response to the fuel property information detected by 
the fuel property detecting means 1 05. 
[0112] The injection terminating period in the injector 
is also set according to a map on the basis of the target 
45 pe and engine speed Ne. The setting map in this case 
is also provided for each mode, and the one correspond- 
ing to the engine operation state is selectively used. 
[0113] In the compressed lean operation mode, thus 
obtained injection terminating period is corrected in 
50 terms of water temperature. The injector is driven ac- 
cording to such injector driving time Tinj and injection 
terminating timing. 

[0114] Also, with respect to the ignition timing control 
by the ignition timing control means 104, i.e., ignition 
55 timing control of the spark plug by the ignition coil, the 
ignition timing is set according to a map on the basis of 
the target Pe and engine speed Ne. The setting map in 
this case is also provided for each mode, and the one 
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corresponding to the engine operation state is selective- 
ly used. 

[0115] In this engine, thus obtained ignition tinning is 
subjected to not only various kinds of retarding correc- 
tions but also a correction (fuel property correction) ac- 
cording to the fuel property information detected by the 
fuel property detecting means 105, and the ignition coil 
is controlled on the basis of thus corrected timing. 
[0116] With respect to the air bypass control, the valve 
opening control amounts of the air bypass valves 14 and 
6 are initially set so that a required air amount (or target 
intake air amount) Q is obtained according to a map on 
the basis of the target Pe and engine speed Ne. In order 
to set the valve opening control amounts, a map corre- 
sponding to the engine operation mode is selectively 
used from a plurality of maps, and a signal is appropri- 
ately outputted in response to the engine operation 
mode. When an idle operation state is established, a 
valve opening control amount (mainly the control 
amount of the air bypass valve 14) concerning a re- 
quired air amount (ortarget intake air amount) based on 
the engine speed feedback is set. In response to thus 
obtained valve opening control amount, the second air 
bypass valve 6 and the first air bypass valve 1 4 are con- 
trolled so as to attain desired states. 
[0117] With respect to the flow control of EGR, the 
flow rate of EGR is set according to a map on the basis 
of the target Pe and engine speed Ne. The setting map 
in this case is also provided for each mode (the later 
lean operation mode and the stoichiometric feedback 
operation mode), and thus obtained flow rate of EGR is 
corrected in terms of water temperature, and the flow 
rate control of EGR is performed. 
[0118] Since the spark ignition type in-cylinder injec- 
tion internal combustion engine in accordance with the 
first embodiment of the present invention is thus config- 
ured, the divisional injection mode (divisional injection 
control) is performed, for example, as shown in FIG. 8. 
[0119] Namely, first, the fuel octane number is deter- 
mined (step S10) according to thefuel property informa- 
tion (fuel octane number information) detected by the 
fuel property detecting means 1 05; and then the engine 
operation state, i.e., that including engine speed Ne, 
throttle opening degree 0th, cooling water temperature, 
intake air amount, intake temperature, atmospheric 
pressure, and the like, is read (step S20). 
[0120] Subsequently, it is judged according to the 
cooling water temperature whether or notthe engine op- 
eration state is in a divisional injection inhibiting region 
(step S30). Namely, when the cooling water tempera- 
ture is not higher than a predetermined temperature (e. 
g., -10°C), the operation state is judged to be in the di- 
visional injection inhibiting region. If it is in the divisional 
injection inhibiting region, then the flow proceeds to step 
S80, where a flag A is determined. The flag A is set to 
1 and 0 respectively when the divisional injection control 
is on and off. Here, if the flag A is 1 (i.e., divisional in- 
jection control is on) , then the flow proceeds to step S90, 



where the divisional injection control is canceled 
(terminated) , and the flag A is returned to 0. If the flag 
A is not 1 (i.e., divisional injection control is off), then the 
flow directly returns. 
5 [0121] By contrast, if the engine operation state is not 
in the divisional injection inhibiting region, then the flow 
proceeds from step S30 to S40, where it is judged 
whether or not the engine operation state is in a divi- 
sional injection zone or not. This judgment is performed 
10 according to a map such as that shown in FIG. 3, for 
example, on the basis of the target load Pe and speed 
Ne of the engine, so as to determine whether the engine 
operation state is in the divisional injection mode region 
or not. The map used here is provided according to the 
15 fuel property (fuel octane number) . The map is selected 
in response to the fuel property information obtained at 
step S1 0, so that the divisional injection mode is chosen 
according to the fuel property information. 
[0122] If it is judged at step S40 that the engine oper- 
20 ation state is not in the divisional injection zone, then 
the flow proceeds to step S80 so as to perform the 
processing mentioned above. If the engine operation 
state is judged to be in the divisional injection zone at 
step S40, by contrast, then the flow proceeds to step 
25 S50, where the flag A is determined. Here, if the flag A 
is 1 (i.e., divisional injection control is on), then the flow 
directly returns. 

[0123] By contrast, if the flag A is not 1 at step S50, 
then the flow proceeds to step S60, where the divisional 
30 injection control (divisional injection mode) is executed. 
After the divisional injection control is terminated, the 
flow proceeds to step S70, where the flag A is set to 1 , 
and the flow returns. 

[0124] The divisional injection control at step S60 is 
35 performed as follows: 

1 ) First, a total A/F is set. The total A/F is computed 
on the basis of the engine load Peand engine speed 
Ne, or set according to a map or the like. In order 

40 to set the total A/R correction is effected according 
to the fuel property in view thereof, or a map corre- 
sponding to the fuel property information is used. In 
either case, when the load Pe is particularly high, 
the total A/F is lowered to about 12, so as to yield 
45 a fuel-rich state. 

2) Then, the total fuel amount to be injected in one 
cycle is computed from the total A/F and the intake 
air amount information (information about the air 
amount taken into the combustion chamber in one 

50 cycle). 

3) Since the intake stroke injection amount is con- 
stant, it is subtracted from the total fuel amount, 
thereby computingthe compression stroke injection 
amount. 

55 4) The fuel injection terminating timing is set accord- 
ing to the engine load Pe and engine speed Ne. Al- 
so, in order to set the fuel injection terminating tim- 
ing, correction is effected according to thefuel prop- 
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erty in view thereof, or a map corresponding to the 
fuel property information is used. 

5) From the intake stroke injection amount, com- 
pression stroke injection amount, fuel injection ter- 
minating timing of the intake stroke injection, and 
fuel injection terminating timing of the compression 
stroke injection, the fuel injection starting timing of 
the intake stroke injection and the fuel injection 
starting timing of the compression stroke injection 
are computed. 

Preferably in this case, the intake stroke injec- 
tion timing of one cylinder is set so as not to overlap 
the compression stroke injection timing of another 
cylinder. Namely, if the intake stroke injection timing 
of one cylinder overlaps the compression stroke in- 
jection timing of another cylinder, the injection tim- 
ing and injection state should be altered such that 
the intake stroke injection timing is shifted to a tim- 
ing earlier or later than the compression stroke in- 
jection timing, or the intake stroke injection is divid- 
ed so as to be performed before and after the com- 
pression stroke injection. In this case, the divisional 
injection at the intake stroke may be performed ei- 
ther twice respectively before and after the com- 
pression stroke injection timing or more. 

When the injection timings are thus set so as 
not to overlap each other, the burden on the injector 
driving system (injector driver) can be alleviated, 
and it is unnecessary for the injector driver to be 
provided for each fuel injection valve as a separate 
circuit, thus allowing the cost to lower. 

Also, though a simple configuration is basically 
attained when each of the intake stroke injection 
and the compression stroke injection is performed 
once, one of them may be divided into a plurality of 
times not only in order to avoid the above-men- 
tioned overlapping injections. In particular, when 
the intake stroke injection is divided into a plurality 
of operations each with a minute quantity, atomiza- 
tion of fuel can be facilitated, whereby it may be- 
come effective in preventing knocks. 

6) The intake stroke injection and the compression 
stroke injection are performed. This divisional injec- 
tion is performed, for example, with characteristics 
with respect to load such as those of areas INJ3A 
and INJ3B in FIG. 7(A) or areas INJ4 and INJ5 in 
FIG. 7(B). 

[0125] According to such divisional injection, as ex- 
plained above with reference to FIGs. 4(A) and 4(B), 
within the combustion chamber where a fuel-lean air/ 
fuel mixture (whose air/fuel ratio A/F = 30 to 60) formed 
by the intake stroke injection beforehand has been dis- 
tributed, an air/fuel mixture with a relatively high fuel 
concentration generated by the compression stroke in- 
jection (an air/fuel mixture corresponding to a total air/ 
fuel ratio A/F = 15 to 20) flows in as a stratified flow ; i. 
e., forms a rich air/fuel mixture layer in the vicinity of the 



spark plug 45 [see FIG. 4(B)]. 

[0126] Since the air/fuel mixture formed by the intake 
stroke injection is sufficiently lean, it cannot self-ignite. 
Also , the relatively rich air/fuel mixture formed as a strat- 

5 ified flow by the compression stroke injection cannot 
self-ignite either since it does not have enough time to 
proceed with a pre-reaction for knocking before ignition 
is effected by the spark plug 45 thereafter. Accordingly, 
without causing fuel to self-ignite, i.e., without knocking, 

10 the spark plug 45 effects ignition. 

[0127] Due to this ignition, the rich air/fuel mixture in 
the vicinity of the spark plug 45 is burned. Upon burning, 
this enriched air/fuel mixture lacks air, thus generating 
a large amount of soot. As shown in FIG. 4(B), however 

15 the lean air/fuel mixture formed by the intake stroke in- 
jection is burned as being ignited by thus generated 
soot, and so forth, whereby the soot is consumed. Ac- 
cordingly, without discharging a large amount of soot, a 
sufficient combustion energy can be generated. 

20 [0128] Consequently, as explained above with refer- 
ence to FIGs, 5(A), 5(B), 6(A), and 6(B), the knocking 
limit output can be greatly enhanced while restraining 
the ignition timing from retarding. This remarkable en- 
hancement in knocking limit output allows the idle speed 

25 to decrease. Accordingly, as shown in FIG. 3, for exam- 
ple, an idle speed Ne1 of this engine (performing the 
divisional injection) can be set lower than an idle speed 
NeO of a conventional spark ignition type in-cylinder in- 
jection type internal combustion engine (without per- 
se forming the divisional injection). 

[0129] Namely, in general, knocking is more likely to 
occur as the engine speed is lower but less likely to oc- 
cur as the ignition timing is retarded. For example, as 
indicated by a curve L1 in FIG. 9, a knocking generation 

35 limit exists with respectto engine speed and ignition tim- 
ing. On the other hand, upon starting a vehicle equipped 
with this engine, a minimal torque (torque required for 
starting) is necessary. This torque exists with respectto 
engine speed and ignition timing as indicated by a curve 

40 L2 in FIG. 9. 

[0130] Accordingly, in order for the vehicle to start 
without knocking, it is necessary for the engine speed 
and ignition timing to be set at a state which satisfies 
both conditions, i.e., within an area A1 not higher than 

45 the curve L1 but not lower than the curve L2. In this case, 
since the lower limit of engine speed is set to 71 0 rpm, 
the idle speed cannot be made lower than such a level 
of the speed. 

[0131] In the spark ignition type in-cylinder injection 
50 type internal combustion engine of the present inven- 
tion, however, the knocking limit output can greatly be 
enhanced while restraining the ignition timing from re- 
tarding as mentioned above. Consequently, the knock- 
ing generation limit with respect to the engine speed and 
55 ignition timing can be expressed by a curve L3 in FIG. 
9, for example, whereas the torque required for starting 
with respect to the engine speed and ignition timing can 
be expressed by a curve L4 in FIG. 9, for example. 



13 



25 



EP 1 128 048 A1 



26 



[0132] Accordingly, the region where the vehicle can 
start without knocking exists within an area A2 which is 
not higher than the curve L3 but not lower than the curve 
L4, whereby the lower limit of engine speed greatly de- 
creases to N 0 .Thus, whilethe idlespeed can be lowered 
to such a level of speed as N 0 ; since the vehicle body 
is more likely to vibrate as the idle speed is lowered, 
there is an unusable area A3 (which is not higher than 
600 rpm here). 

[0133] Therefore, in this case, the idle speed is de- 
fined by this unusable area A3 (on the order of 600 rpm). 
[0134] In a typical automobile engine, idle speed is 
raised up when the air conditioner is on. Also in the en- 
gine of the present invention, the idle speed is made 
higher by a predetermined speed (e.g., about 50 rpm) 
when the air conditioner is on than when it is off. 
[0135] At any rate, the engine of the present invention 
can greatly lower the idle speed, thus being advanta- 
geous in that it can remarkably improve gas mileage (fu- 
el consumption ratio). 

[0136] For example, FIG. 1 0 shows a fuel consump- 
tion characteristic according to engine speed. In the en- 
gine of the present invention, since the idle speed can 
be greatly lowered as compared with the idle speed 
based on the area A1 shown in FIG. 9 (the idle speed 
of the conventional engine), 700 rpm, thefuel consump- 
tion can be improved by on the order of 1 0% to 20%. 
[0137] Also, the divisional injection in this engine can 
be used not only upon starting. The enhancement in out- 
put torque upon a low-speed operation of the engine 
caused by the divisional injection can greatly contribute 
to improving its driving performance. 
[0138] Of course, when such divisional injection is 
used in an engine of a vehicle such as a manual trans- 
mission car for which it is not necessary to particularly 
enhance the idlespeed in order to avoid knocking upon 
starting or secure a starting torque, engine can enhance 
output torque upon a low-speed operation, thus greatly 
contributing to improving the driving performance. 
[0139] Also, when it is adopted in the engine of a man- 
ual transmission car, since the output torque upon a low- 
speed operation is enhanced, a torque margin is gener- 
ated, whereby its flywheel can be provided with a high 
inertia. Consequently, it is advantageous in that the 
transmission can be prevented from generating clatter- 
ing noise. 

[0140] Further, since the above-mentioned possibility 
of knocking upon starting can be eliminated, it is quite 
advantageous from the viewpoint of enhancing the com- 
pression ratio. Namely, in the spark ignition type in-cyl- 
inder injection internal combustion engine, since knock- 
ing is intrinsically hard to occur due to the intake cooling 
effect, the compression ratio can be set higher. Further, 
transient knocks, which have been likely to occur imme- 
diately after acceleration in general, are hard to occur, 
whereby the ignition timing can be rapidly advanced up- 
on acceleration. Though the compression ratio can fur- 
ther be enhanced from this viewpoint, there has been a 



limit to enhancement in compression ratio due to knock- 
ing upon starting. As such knocking upon starting is 
eliminated, the present invention is advantageous in 
that the compression ratio can further be enhanced. 

5 [0141] In the following, a configuration of the spark ig- 
nition type in-cylinder injection internal combustion en- 
gine (hereinafter also referred to as in-cylinder injection 
engine) in accordance with a second embodiment will 
be explained with reference to FIGs. 11 (A) to FIG. 13(C). 

10 [0142] In this embodiment, the condition for perform- 
ing the divisional injection is defined more specifically 
than in the first embodiment, such that the divisional in- 
jection is performed only in operation states where it is 
effective. Also, attention is paid so that the ignition timing 

15 is appropriately controlled when switching is effected 
between the divisional injection mode and another 
mode. 

[0143] Namely, conditions for performing the division- 
al injection are set as explained in the following, and the 
20 divisional injection is performed when all of these con- 
ditions are established. 

Divisional Injection Performing Conditions 



25 [0144] 

1 ) The engine operation is neither in the enginestop 
mode nor in the starting mode. It is a prerequisite, 
and the divisional injection is not necessary at all 

30 unless the engine is normally operating. 

2) A predetermined time has elapsed after the fuel 
pressure in the fuel supply path 23B downstream 
the high-pressure fuel pump 25 was determined to 
be high by a non-depicted fuel pressure detecting 

35 means. It is identical to the condition for allowing a 
compressed injection. This condition issetsincethe 
divisional injection is accompanied by the com- 
pressed injection. Namely, in order to establish 
stratified combustion, it is necessary for fuel to be 

40 fully atomized, i.e., injected with a high pressure. 
Also, if the fuel injection valve 21 is driven with a 
low fuel pressure, the injection pressure will be- 
come lower than the in-cylinder pressure, whereby 
fuel may flow back toward the fuel injection valve 

45 21 when the fuel injection valve 21 opens, which 
should be prevented from occurring. 

3) Water temperature > lean mode starting water 
temperature (e.g., 75°C). It is an engine tempera- 
ture condition under which stratified combustion en- 

50 ables stable burning. 

4) Engine speed Ne < a predetermined speed. 
Since the divisional injection is less effective when 
the engine speed Ne is too high as compared with 
the stoichiometricfeedback mode or enriched mode 

55 in terms of output, the speed region is restricted to 
where the effect of divisional injection is available. 

5) Ev > a preset level. It relates to a knocking gen- 
eration area and defines a condition under which 
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knock-suppressing divisional injection can function 
effectively. 

6) A knock-learning result is in a state where knock- 
generating possibility is high. It is also a condition 
under which knock-suppressing divisional injection 
can function effectively. 

7) The engine operation is not in the lean mode (in- 
cluding both compressed lean and intake lean 
modes) . It is due to the fact that divisional injection 
is unnecessary in a low load region of the engine 
where the lean mode is selected. 

8) A/F tailing has been terminated. This condition is 
used for determining the state of stability of A/F (air/ 
fuel ratio). Namely, it is used in order to appropri- 
ately set the fuel injection amount or the like when 
the operation shifts to divisional injection. 

[0145] Here, when ATPS > a preset level is detected 
in the case where all the conditions 1) to 7) are estab- 
lished; since the driver is requesting high acceleration, 
A/F tailing is forcibly terminated before switching to the 
divisional injection mode. 

[0146] When the various conditions noted above are 
established, divisional injection is performed. With re- 
spect to the pulse width (fuel injection period) of divi- 
sional injection, a pulse (main pulse) Tinjm at the time 
of intake stroke injection and a pulse (sub pulse) Tinjs 
at the time of compression stroke injection are comput- 
ed as follows: 

Tinjm = (Tb x Kaf x Kels x Ktrn) x Kdinjm +Td 



Tinjs = (Tb x Kaf x Kels x Ktrn) x Kdinjs + Td 

wherein Kdinjm is a main pulse dividing coefficient, 
Kdinjs is a sub pulse dividing coefficient, Tb is a base 
time, Kaf is a target A/F correction gain, Kels is another 
correction gain, Ktrn is an acceleration/deceleration cor- 
rection gain, and Td is a dead time. 
[0147] Here, preferably, for each of the main pulse 
Tinjm and sub pulseTinjs, with a minimum injection time 
set with respect to the injection period thereof according 
to the capability of the fuel injection valve, a minimum 
clipping processing is performed. 
[0148] In the divisional injection mode, pulse width is 
prohibited from being set by APe. It is due to the fact 
that, as the injection timing extends to two strokes, the 
total air/fuel ratio deviates when the pulse width is cor- 
rected at their respective injection timings, thus failing 
to yield an appropriate air/fuel ratio, or control is com- 
plicated in order to attain an appropriate total air/fuel ra- 
tio. 

[0149] In the case of the main pulse, the injection ter- 
minating timing is set at the end stage of the intake 
stroke or in the vicinity of the compression stroke start- 
ing time. 



[0150] In this embodiment, in the case where the di- 
visional injection mode is started from a mode otherthan 
the divisional injection mode, and in the case where the 
divisional mode is ended to start another mode, the ig- 

5 nition timing is held at that of the former mode only for 
a predetermined number of strokes. 
[0151] Namely, as shown in FIG. 11 (A), in the case 
where the divisional injection mode is switched to the 
intake injection mode at a certain point of time, ignition 

10 is effected at the ignition timing corresponding to the di- 
visional injection mode for a predetermined number of 
strokes after the intake injection mode is started. 
[01 52] Namely, since the fuel injection in the divisional 
injection mode extends from the intake stroke to the 

15 compression stroke, even when the divisional injection 
mode is switched to the intake injection mode at a cer- 
tain point of time, there may be a state where the ignition 
has not been performed yet because only the intake 
stroke injection in the divisional injection mode is termi- 

20 nated or in process, or the compression stroke injection 
after the intake stroke injection is terminated or in proc- 
ess. 

[0153] Forexample, in FIG. 11 (A), at the point of time 
where the injection mode switching signal is outputted, 

25 the fourth cylinder (#4) is in the process of compression 
stroke injection after the intake stroke injection in the 
divisional injection mode, whereas the second cylinder 
(#2) has completed only the intake stroke injection and 
is ready to perform the subsequent compression stroke 

30 injection. Accordingly, no ignition has been made yet in 
these cylinders. In FIGs. 11 (A) and 11 (B), #1 to #4 re- 
spectively indicate the first to fourth cylinders. 
[0154] In such a case, even after the injection modes 
are switched, ignition is effected at an ignition timing cor- 

35 responding to the divisional injection mode. For exam- 
ple, in the case shown in FIG. 11 (A), at least the fourth 
cylinder (#4) and second cylinder (#2) are ignited at the 
ignition timing corresponding to the divisional injection 
timing. Then, after the fuel injection is switched to that 

40 corresponding to a new mode, the ignition timing is 
switched to that corresponding to the new mode. 
[0155] Namely, sine the divisional injection is an in- 
jection state which is hard to generate knocking (has a 
knock-suppressing effect) , the ignition timing of division- 

45 al injection is set to an advancing side, whereas the ig- 
nition timing of the intake injection is set to a retarding 
side in order to restrain knocks from occurring. Conse- 
quently, in the cases where, as the injection state, the 
divisional injection is continued even after a signal for 

50 switching the divisional injection to the intake injection 
is outputted, like those of the fourth cylinder (#4) and 
second cylinder (#2), the ignition timing is retarded from 
its original timing (timing corresponding to the divisional 
injection) when ignition is effected at the ignition timing 

55 corresponding to the intake injection, thereby lowering 
output. 

[0156] FIG. 11 (B) shows a case where the intake in- 
jection mode is switched to the divisional injection mode 
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at a certain point of time. Also in this case, ignition is 
effected at the ignition timing corresponding to the in- 
take injection mode for a predetermined number of 
strokes after the divisional injection mode is started. 
[0157] For example, in FIG. 11 (B), at the point of time 
where the injection mode switching signal is outputted, 
the first cylinder (#1 ) has already terminated the intake 
stroke injection, whereas the third cylinder (#3) is in the 
process of the intake stroke injection. Accordingly, in this 
case, in both of the first and third cylinders, ignition is 
effected at the ignition timing corresponding to the in- 
take injection mode even after the divisional injection 
mode is started. 

[0158] Namely, in the cases where, as the injection 
state, the intake injection is continued even after a signal 
for switching the intake injection to the divisional injec- 
tion is outputted, the ignition timing is advanced from its 
original timing (timing corresponding to the intake injec- 
tion) when ignition is effected at the ignition timing cor- 
responding to the divisional injection, thereby raising the 
possibility of knocking. 

[0159] Therefore, in this embodiment, regardless of 
the timing of the signal for switching injection modes, 
the ignition at the time of divisional injection is effected 
at the ignition timing for divisional injection so as to se- 
cure the engine output, whereas the ignition at the time 
of intake injection is effected at the ignition timing for 
intake injection so as to suppress knocking. 
[0160] In FIG. 11(B), in the fourth cylinder (#4), the 
fuel injection is executed on the basis of a signal ob- 
tained at the time when the operation mode is switched 
to the divisional injection mode. Namely, the fuel injec- 
tion is effected by a new mode, i.e., divisional injection 
mode, and ignition is performed at the ignition timing 
corresponding to the divisional injection mode. 
[0161] Since the spark ignition type in-cylinder injec- 
tion internal combustion engine in accordance with the 
second embodiment of the present invention is config- 
ured as mentioned above, the divisional injection mode 
(divisional injection control) is performed as shown in 
FIG. 12, for example. 

[0162] Namely, first, the fuel octane number is deter- 
mined (step S10) according to thefuel property informa- 
tion (fuel octane number information) detected by the 
fuel property detecting means 1 05; and then the engine 
operation state, i.e., that including engine speed Ne, 
throttle opening degree 0th, cooling water temperature, 
intake air amount, intake temperature, atmospheric 
pressure, and the like, is read (step S20). 
[0163] Subsequently, it is judged whether or not the 
divisional injection conditions are established (step 
S35). Namely, whether all of the conditions: 1 ) the en- 
gine operation is neither in the engine stop mode nor in 
the starting mode, 2) a predetermined time has elapsed 
after the fuel pressure was determined to be high, 3) 
water temperature > lean mode starting water temper- 
ature, 4) engine speed Ne < a predetermined speed, 5) 
Ev > a predetermined level, 6) a knock-learning result 



is in a state where knock-generating possibility is high, 
7) the engine operation is not in the lean mode, and 8) 
A/F tailing has been terminated are established or not. 
[0164] If the divisional injection conditions are not es- 
5 tablished, then the flow proceeds to step S80, where a 
flag A is determined. The flag A is setto 1 and 0 respec- 
tively when the divisional injection control is on and off. 
Here, if the flag A is 1 (i.e., divisional injection control is 
on), then the flow proceeds to step S90, where the divi- 
sional injection control is canceled (terminated), the flag 
A is returned to 0, and then the flow proceeds to step 
S110. If theflag A is not 1 (i.e.. divisional injection control 
is off), then the flow proceeds to step S130, so as to 
perform the ignition timing control by the corresponding 
mode (other than the divisional injection). 
[0165] By contrast, if the divisional injection condi- 
tions are established, the flow proceeds to step S50, 
where the flag A is determined. If theflag A is 1 (i.e., the 
divisional injection control is on) here, then the flow pro- 
ceeds to step S1 20, so as to perform the ignition timing 
control by the divisional injection mode. 
[0166] If the flag A is not judged to be 1 atstepS50, 
the flow proceeds to step S60, so as to execute the di- 
visional injection control (divisional injection mode) . Af- 
ter the divisional injection control is terminated, the flow 
proceeds to step S70, where the flag A is set to 1 . and 
the flow further proceeds to step S1 1 0. 
[0167] At step S110, the ignition control is effected 
while the ignition timing of the former operation mode is 
kept. This step includes a case where the a mode other 
than the divisional injection is switched to the divisional 
injection mode (where the flow successively proceeds 
with steps S35, S50, S60, S70, and S110) and a case 
where the divisional injection mode is switched to a 
mode other than the divisional injection (where the flow 
successively proceeds with steps S35, S80, S90, and 
S110). In either cases, the ignition control is performed 
such that, till the fuel injection is switched to that of a 
new mode, the ignition timing of the former operation 
mode is held so as to correspond to the fuel injection 
mode. 

[0168] Consequently, in the case where thefuel injec- 
tion is still in the divisional injection when the divisional 
injection is being switched to the intake injection, ignition 
is effected at the ignition timing for the divisional injec- 
tion, so as to secure the engine output; whereas, in the 
case where thefuel injection is still in the intake injection 
when the intake injection is being switched to the divi- 
sional injection, ignition is effected at the ignition timing 
for the intake injection, so as to suppress knocking. 
[0169] FIGs. 13(A) to 13(C) are charts showing torque 
characteristics generated in divisional injection and in- 
take injection. Namely, FIG. 13(A) shows a characteris- 
tic of torque (T) with respect to air/fuel ratio (A/F) when 
an optimal ignition timing is attained; FIG. 13 (B) shows 
a characteristic of torque (T) with respect to ignition tim- 
ing (IG) at an optimal air/fuel ratio; and FIG. 13 (C) 
shows a characteristic of torque (T) with respect to air/ 
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fuel ration (A/F) when the ignition timing is setto a knock 
point (K point). 

[0170] As shown in FIG. 13(A), a higher outputtorque 
is obtained in the intake injection than in the divisional 
injection when the optimal ignition timing (ignition timing 
where the highest output torque is obtained) can be se- 
lected. As shown in FIG. 1 3(B), when the ignition timing 
(IG) is set in view of knocking suppression, a higher out- 
put torque is obtained in the divisional injection than in 
the intake injection. In such ignition timing taking the 
knocking suppression into consideration, as shown in 
FIG. 13(B). according to the setting of the total air/fuel 
ratio (A/F), there is a large region where a higher output 
torque can be obtained in the divisional injection than in 
the intake injection . In view of such characteristics, it can 
be seen that the divisional injection is effective in terms 
of output as well. 

[0171] Also, as shown in FIG. 13 (C) , the air/fuel ratio 
(A/F) yielding the maximum torque can be set lower in 
the divisional injection, whereby it is particularly effec- 
tive in enhancing output at a driving state corresponding 
to a case where the throttle is full open. 

For reference (Legend) 
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Claims 

35 1. A spark ignition type in-cylinder injection internal 
combustion engine, characterized in that said inter- 
nal combustion engine comprises: 

a fuel injection valve for directly injecting fuel 
40 into a combustion chamber of said internal 

combustion engine; 

an operation state detecting means for detect- 
ing an operation state of said internal combus- 
tion engine; and 

45 a control means for driving and controlling said 

fuel injection valve so as to inject fuel chiefly 
during an compression stroke under a low load 
so that stratified combustion is performed, and 
to inject fuel chiefly during an intake stroke un- 

50 der an intermediate to high load so that pre- 

mixture combustion is performed, depending 
on the detection results detected by said oper- 
ation state detecting means, 
said control means driving and controlling said 

55 fuel injection valve when said engine operates 

at engine speeds of a preset value or lower in 
a specific operation region under the interme- 
diate to high load, such that fuel is injected from 
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said fuel injection valve in advance during the 
intake stroke by such an amount that the fuel 
fails to self-ignite, and that fuel is injected dur- 
ing the compression stroke to cause the strati- 
fied combustion instead of said pre-mixture 
combustion. 

2. A spark ignition type in-cylinder injection internal 
combustion engine of claim 1 , characterized in that 

said specific operation region is an operation 
region where a temperature of said internal com- 
bustion engine is a predetermined value or higher. 

3. A spark ignition type in-cylinder injection internal 
combustion engine of claim 1 , characterized in that 

said control means drives and controls said 
fuel injection valve such that, in said specific oper- 
ation region under the intermediate to high load, a 
substantially constant amount of fuel, regardless of 
a state of load, is injected during the intake stroke, 
whereas an amount of fuel substantially proportion- 
al to the state of load is injected during the compres- 
sion stroke. 

4. A spark ignition type \n-cylinder injection internal 
combustion engine of claim 1 . characterized in that 

said control means drives and controls said 
fuel injection valve such that, in said specific oper- 
ation region underthe intermediateto high load, fuel 
is injected during the intake stroke by such an 
amount that an air/fuel ratio becomes on the order 
of 30 to 60, whereas fuel is injected during the com- 
pression stroke by such an amount that a total air/ 
fuel ratio becomes richer than a stoichiometric air/ 
fuel ratio. 

5. A spark ignition type in-cylinder injection internal 
combustion engine of claim 1 . characterized in that 

said control means drives and controls said 
fuel injection valve, if it is judged, in said specific 
operation region under the intermediate to high 
load, that the operation state detected by said op- 
eration state detecting means falls in an operation 
region where the pre-mixture combustion causes 
knocking, such that fuel is injected from said fuel 
injection valve in advance during the intake stroke 
by such an amount that the fuel fails to self-ignite, 
and that fuel is injected during the compression 
stroke to cause the stratified combustion. 

6. A spark ignition type in-cylinder injection internal 
combustion angina of claim 1 , characterized in that 

said control means drives and controls said 
fuel injection valve, if a start request is detected 
from a driver of a vehicle equipped with said internal 
combustion engine while said engine is running 
idle, in said specific operation region underthe in- 
termediate to high load, such that fuel is injected 



from said fuel injection valve in advance during the 
intake stroke by such an amount that the fuel fails 
to self-ignite, and that fuel is injected during the 
compression stroke to cause the stratified combus- 
5 tion. 

7. A spark ignition type in-cylinder injection internal 
combustion engine of claim 1 , characterized in that 

10 said control means drives and controls said fuel 

injection valve, depending on the detection re- 
sults detected by said operation state detecting 
means, such that fuel is injected from said fuel 
injection valve chiefly during the compression 

15 stroke at least under the low load so as to per- 

form a lean operation mode, where an air/fuel 
ratio is greater than a stoichiometric air/fuel ra- 
tio, and that fuel is injected from said fuel injec- 
tion valve chiefly during the intake stroke under 

20 the intermediate to high load so as to perform 

either one of a stoichiometric operation mode, 
where the air/fuel ratio equals to the stoichio- 
metric air/fuel ratio, and an enrich operation 
mode, where the air/fuel ratio is smaller than 

25 the stoichiometric air/fuel ratio, and 

said control means further drives and controls 
said fuel injection valve, in the specific opera- 
tion region underthe intermediateto high load, 
such that fuel is injected from said fuel injection 

30 valve in advance during the intake stroke by 

such an amount that the fuel fails to self-ignite, 
and that fuel is injected during the compression 
stroke to cause the stratified combustion, in- 
stead of the stoichiometric operation mode or 

35 of the enrich operation mode, either one of 

which modes are selected in accordance with 
the detection results detected by said operation 
state detecting means. 

40 8. A spark ignition type in-cylinder injection internal 
combustion engine of claim 1 , characterized in that 
said control means sets a fuel injection 
amount, in said specific operation region, such that 
a total air/fuel ratio, which is based on the total of a 

45 fuel injection amount during the intake stroke and a 
fuel injection amount during the compression 
stroke, takes a value close to a stoichiometric air/ 
fuel ratio. 

50 9. A spark ignition type in-cylinder injection internal 
combustion engine of claim 1 , characterized in that 

said internal combustion engine is a multiple- 
cylinder type internal combustion engine, each 
55 cylinder being provided with said fuel injection 

valve, and 

said control means sets the timing of fuel injec- 
tion of each of said cylinders such that a fuel 
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injection timing of one cylinder during the intake 
stroke in said specific operation region under 
the intermediate to high load is prevented from 
overlapping a fuel injection timing of another 
cylinder during the compression stroke. 5 

A spark ignition type in-cylinder injection internal 
combustion engine of claim 1 , characterized in that 

said internal combustion engine further com- 10 
prises a fuel property detecting means for de- 
tecting fuel properties, and 
said control means corrects said amount of fuel 
injection during the intake stroke in said specific 
operation region underthe intermediate to high 15 
load, according to a detection result detected 
by said fuel property detecting means. 

A spark ignition type in-cylinder injection internal 
combustion engine of claim 1 , characterized in that 20 

said internal combustion engine further com- 
prises an ignition timing control means for con- 
trolling an ignition timing of said engine, 
said control means for driving and controlling 25 
said fuel injection valve has a mode selecting 
means which selects one combustion mode of 
(i) a stratified combustion mode where said fuel 
injection valve is controlled such that, when 
said operation state is in said low load region, 30 
fuel is injected during the compression stroke, 
(//) a divisional stratified combustion mode 
where said fuel injection valve is controlled 
such that, when said operation state is in said 
specific operation region, fuel is injected during 35 
the intake stroke prior to the fuel injection dur- 
ing the compression stroke by such an amount 
that said fuel is prevented from self-igniting, 
and (Hi) a pre-mixture combustion mode where 
said fuel injection valve is controlled such that, 40 
when said operation state is neither in said low 
load operation region nor in said specific oper- 
ation region, fuel is injected during the intake 
stroke, so as to operate said engine; and 
when said mode selecting means switches be- 45 
tween said (it) divisional stratified combustion 
mode and one of said (/) stratified combustion 
mode and said (Hi) pre-mixture combustion 
mode, said ignition timing control means main- 
tains, at least until said fuel injection timing of 50 
said fuel injection valve is actually switched 
from a current combustion mode to another 
combustion mode, the ignition timing in con- 
formity to the current combustion mode. 
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FIG. 6 (B) 
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FIG. 7 (A) 
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FIG. 8 
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FIG. 12 
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FIG. 13 (A) 
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